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Ai rp lane  charac teri s ti c s : 
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k rad ius  o f  g y r a t i o n  o f  a i rp l t i ne  about a i r p l a n e  
x IC-axi s 

b wing span  
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Non3l m n s i o n a l  q u a n t i  t i e s  : 

1J. = *- a i r n l a n e  d e n s i t y  parameter  

T = (&) aizy3laiie n:oment of  5 n e r t i a  about X - H x i s  

m 
?I s pb 
\:j 

J 2 

--x F&k 

ra t - fo  of' fla? chord  t c ,  r l r f o i l  c h o r d  a t  a given 
tf s e c t i s n  

h r a o t  o f  s t a b i l i t y  e q u a t i o n  

- 4 



6 

(5) 'J ai,v:!ing- mr3me n t  c o e I" f i c i e n  t cn 
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.>a r t  o f  a d d ? t i m a l  l i f t  due t o  sngu la r  v e l o c i t y  
o f  f l a p  c w s e d  by aTce le -a t ion  o f  p o t e n t i a l  
f l o w  (-TI of r e f e r e n c e  2 )  

I. 
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ANALYST. 3 

Equat ion3 o f  ?,lotion 

rib - 
~ A ; J  &e:-er91 equa t ions  of  lateral motion w i t h  a f l c r o n s  

f i .ee ,  ccJid>l-Lng t h e  rolling mctign o f  t he  a i r p l a n e  with 
t h e  yrs:3n,? and s i d e s l i p p i n g  niotiolls and with t h e  movemnt S 
of  tk:e  t;ile-raons following a small d i s t u r b a n c e ,  a r c  as 
f o l l 0 : v r :  
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The r a t e  o f  d ive rgence  f o r  t he  u n s t a b l e  vzi lues  of  C 

and Ckie ( f o r  t h e  s p e c i f i c  ca se  t o  which f i g .  2 

p e r t a i n s )  i s  ind i .ca ted  by  the l i i2es  o f  e q a a l  roots j-2 f'i.2- 
ure ?. 
o r f z , i n ,  e s c h  has i t s  i.rit.F:r::ept ?it E p o s i t i v e  value of 
c 
va lues  o f  t 3 e  mot ,  h>JwvF=r ,  tlie ii:tercel)ted d L s t a m e  I .s  
ne ,g l f~ ; i ' c le ,  and t5e l o c i  may be  c n n s i d e r e d  l i n e s  o f  CD:~.- 

17 5 - '-a s t m t  f lost . . l .ng r n t i o  -- - I F'L;;ilre 3 shcivs t.I::.zt t h e  
' -6 

d-ivergecse over  most of t h e  rst3g.r: o f  g e g s t t v e  Ch6 i s  

v e r y  slmve T h i s  d.ivergence i s ,  in f a c t ,  t h e  s.a-c?llec?. 
t t s p f r d  i n s t a b i l l  tg" t h a t  i s  gc.-:erstlll; m t i c ' i p a . t e d  by 
a i . rp l ane  des-i-gners.  i n  the fourth qiladrsnt, however, a 
sudden r.&?id increase i n  th-o r a t e  o f  d ivergence  Ts o b -  
s e r v e d ,  v!hich c o m e s 9 o n d s  t o  a =han&e 01' slsn in the 

Prom the c o e f f f c i s n t  o f  i i n  t h e  s t a b i l i t y  e q u a t i o n .  
p r a c t i c a l  : Jo in t  o f  view t h e  f l o a t i n g  -r.atio at. whSch this 
sudden i p c r e k s e  occurs  l o c a t e s  t h e  s i g n i f ' i s a n t  I td ive  rgence 
boundary. A l l r i e  th rough t,hls r;c;g-?.on and the oscilla- 
t o r y  s t a b i l i t y  boucdar;y na;j therrt.:for.? be  s o n s i d e m d  t,he 
co r : ? l e t e  boTmd.ary f o ~  s t a k f l i t y  o f  t he  :iirplans wit!: 
all f ' o u r  d-egrees  of freedoc!. 

Although these 1int.s ap.:ear t o  go tbz~)u&?h t h e  

p r o p D r t , i o n a l  to the  va lLe  of the r o o t .  For sinal l  
h5 

n a ',J h 

- 

- e  
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2nd t h e  s t n b i l i t g  equRt ion  3.s 

, 



' 4  

F u r t h e r  :;ompc?rison o f  f i g ~ r e s  2 and 4. shows t h a t  
t h e  o s c i l l a t o r y  s t a b i l i t y  boundapy of  t,he s im?l - i f ied  
t r e a t m e n t ,  a l t hough  s h i f t e d . '  s l i g h t . l g  by the  1ntToduct. ion 
of the  adGit ionn1 clegrees of freedom, i s  s o  l i t t l a  a l t e r e l !  
t h a t  i t  also may be r e t a i n e d  as  p a r t  of t h e  s t a b i l i t y  
boundary, Voreover,  t h e  p o s i t i o n  of t he  l i n e  e n c l o s i n g  
t h e  o s c i L l a t o r y  r e g i o n  remains e s s e n t i a l l y  unchanged mcl 
s t i l l  i n d i c a t e s  t h e  va lues  o f  t h s  h i n g e  moments a t  whlch 
one o s c i l l a t i o n  .breaks down. i t  nay t h e r 5 f o r e  be con- 
c luded  t h a t ,  excep t  f o r  ths  presence  everywhere o f  an 
add i t i -ona l  KO& o f  o s c i l l a t i . c n  t o  be d i s c u s s e d  subsequently, 
t h e  broad a s p e c t s  o f  the s o l u t i o n  for t h e  more complex 
c a s e  may bo d.educod from thc r c s u l t s  of  t h o  s i m p l i f i e d  
tin a1 y s i s , 

C o z p a ~ . i s o n  of- t h e  r o 3 t s  a t  a Ruxber of p o i n t s  sh3ws 
t h a t  t h e  r e s a l t s  qf t h e  tma c a l c u l a t i o n s  a r e  i n  c l o s e  
q u a n t f t a t i v e  a&:rcj-ervent, ais?, w i t h  r e g s r d  t o  t h e  o s c i l l z -  
t o r y  mode comion t o  bo th  m a l y s e s .  Thus, 50th t h e  
perZod and t h e  darning o f  t k e  2 s c i l l a t i c n s  o f  one mode 
can  be o b t a i n e d  f'mx the  r e s u l t s  o f  ti;e s i r n 7 l i f i e d  
a n a l y s i s .  

The o s c i l l a t i o n s  o f  t h e  s e c o c 3  n r , d e  h~itve h1-k !  
d.am9ing and p e r i o d  v i r t u a l l - j  independent  of  t h e  h inge  
moments of t h e  a i l e r o n s .  I n  t h e  case  chosen for 
i l l u s t r a t i o n  t.he p e r i o d  j.s o f  the order of ;23 s e m i s p s n s  
o r ,  if t k e  span i,s LO f e e t  am? t,kie w j - r q  1osd.ing 119 pouriAs 

p e r  sqi:.zrg f o o t ;  z h u t  3; s e c o n d s ,  tk:muZh:xit  t h e  railcc 
1 

d 

- .. 

wTth Chg negs. t ive;  t h e  n o t i o n  .?nri?s t o  half 

Because 
Of cha 
ampl i tude  I.n t n e  cou~se of one ~ s c i l l a t i o n .  

of t h e  magnitudes o f  t h e  .?e:503 and. damping, t h l s  rmde 
appea r s  t o  be t h e  normal lateral o s c i l l a t . i o n  of t h e  
a i r p l a n e  w i t . h  con t ro l . ?  f i x e d  2nd D.S such  i s  t r$a t . ed  
elsewhere %n t he  l i t e r a t u r e .  Fo r  t h e  8.ssxmc? n i r p l a n e  
t h i s  mode does n o t  b e z o m  unstsb1.e anywhere witi?in t h e  
r e g i o n  ind . ica ted  as  s t . sb l e  0:; the s i m a l i f i a d  a n a l y s i s .  

+L bile a i l e r o n  z h a r a c t e r f . ? t , i s s  8r2 not  i.nvc,l ved 8114 bec iuse  

- f i f f e s t  o f  a t l e r o n  Inorncnt of  ine:rt!a cnn cross- 
- coup1lnp.-  I t  s2ems  d e s i r a b l e  tb- che:?,k t h e  forzk;?ing 
conc lus i  on a g a i n s t  resii l ts  obtfs;i?e(? w i t h  t h c  r;i.omeEt of 

-- 

i n e r t i a  of  t h e  ai!eron s;stcrr; r s t a i n e d  ',n t h e  equQt iqns .  
For t h i s  pu rpose ,  the r o o t s  :?f t h e  s t : : u i l i t ~  equations 

% = o * 0 2 ,  
have  been c c l c u l a t e d  a t  Ch, = 0.15 2nd 



-0.1, -0.2,  and -0.3,  with I, =: 0.025. With four  
degrees  o f  f reedon; ,  t h e  stability eq1,iation has six r o o t s .  
Of t h e P e ,  one r o o t  i n r ? i c a t e s  th4 ep i ra l .  mode snd, i n  t h e  
unstab1.e region, has the s:urle v 2 l u e s  a s  o r e  c i v c n  by 

second real root ,  cor responds  t o  t,he r.3al r o o t  o f  t,he 
s i r r j l iS ' i . ed  equat.i.on . The f o u r  rema.lning r o ~ t o  form, 
i n  igeEer+al, t w o  o s c l l l a t o r g  p a i r s .  These r o D t o  m-2 
c o x p a r e d  r i t h  t h o s e  o f  the s i n ? l i f i e d  e q u a t i o n  i n  t h e  
f 011 wi I ng t a b l  e : 

f i g u r e  3 f o r  t.he case  with z e r o  mornsilt o f  iiier*t-i.a. A 

.. 



'The c?aqi .ng of t h e  o s s i l l a t i o n s  i.s rmre r e s d i l g  
rt 
4 expres::i.l;lc than 1s t h e  2 e r i o d ,  p s r t i c u l a r l y  i f  a fixed 

val l ie  of  the f requency  i s  asslmed. Vo r e  o ve r , c a1 c tll a - 
t . i o n s  of the damping f o r  z e r o  f requency aiid f3r t k e  
highest f requency  likely t o  be enccuntered  i n  p r a c t i z s  
showeCi t ,hat  t h e  expres s ion  could be s t i l l  fu r ths r  s.l;.,pli- 
f l e d  5 ; ~  omitti?g t h e  ternis c o n t a l n i n g  the  i ' requency arid 
c ( s i n c e  t,hese t z r n s  a ; i?aren t ly  canc.eled e a c h  o t h e y )  

wtthout ai;; s 9 p r e c i a S l e  loss i n  scc'JrScy. 

met ion ,  t h e  smaller r o o t ,  . n f  th2 yv.ti.dratis 

J 

Thus, with 
I equ.al t , o  z:m, t he  eaanping a i s ,  to a zood. a p p r o x i -  

which ris independent  o f  :l,, , -la 
A t  t'ne s t 3 . b i l i t y  Sound2r37, the dam.!in,g a fs zero, 

m d  them fore, 

21 - l'6 
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t o  be 
a l1 Figure 4., h m e v e r ,  shoas the  v a r i a t i o n  v i t h  C 



TLs s t a b - i i i t g  c h h r t s  ( f i g s .  5 t o  3) a r e  in t ended  
b o t h  ;is i1.1 u s t r a t i m s  o f  t h e  a p p l i c s t i o n  o f  the p ~ s -  
ced ing  formulas  and. 2s  worlting c h a r t s  f r m  v,jhlch .the 
b e h a v i o r  D f  a ? a r t i c u l a r  sSt o f  a i l e r o n s  011 a c'3n- 
vent5onal  a i ry la - :e  ma:: bs ;>redic  t e d .  If tl^e a n a l y s i s  
I s  t o  be a:oal.ied t o  811 a:lr;Jlxie having  s t a b i l i t y  c h a r -  
a c t e r ?  s t l c s  t h a t  r e p r e s e n t  a x n s i d e r a b l e  d e p a r t u r e  
frllm those  t e b u l a t e d  h e r e i n ,  i t  v;:ll p r cSu3 ly  !x 2.dvfsable 
t o  c a l c l i l a t e  t k e  ~ a t u r e  o f  t h e  rrotions f r o m  the g e n e r a l  
f o r r t y ~ 1 a s  ( e q u a t i o n s  ( T ) ,  (G), ( I i J ) ,  e ~ . d  (11.)). 
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more r a p i d  tha i i  i s  shown by f i p r e  10. I n  a d d i t i o n ,  the 
boundary w L l l  De s l i i f t ed  t o  the right, v : i L h  t h e  a.momt of 
p o s i t i v e  Ch,? a?-lowed i n z r e a s z d  proTior t iqna te lg  t o  tke 

E f f e c t  of F r i c t i o n  
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A I I J E ~ O N  CHARACTERT STICS 
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Figure 2,- Character and stability of the components of the 
motions found by solution of the equations before the 
elimination of sideslipping and yawing. (Shading indicates 
the unstable region, ) Aileron chord, 15-percent airfoil 
chord; 5 = 0; I, = 0; dihedral angle, 50; CL = 1.0. 



Figure 3 . -  Rate of divergence, as Indicated by the value 
of  the p o s i t i v e  r ea l  r o o t s  of the s t a b i l i t y  equation. 
Aileron chord, 15-percent a i r f o i l  chord;{ = 0: fa = 0; 
d i h e d r a l  ang le ,  F;O ; CL - - 1.0. 



Figure 4.- Character and s t a b i l i t y  of the components of t h e  
motions w i t h  coupling only between a i l e r o n  movements and 
r o l l i n g  angle. Aileron chord, 15-percent a i r f o i l  chord; 
5 = 0; Ia = 0. 



Figure 5.- S t a b i l i t y  boundaries, l i n e s  of equal per iod,  and 
lines of equal s t i c k  force for 15-percent-chord a i l e r o n s ,  

= 0; Ia = 0, Period P i s  i n  wing oemispans. 



Figure 6,- S t a b i l i t y  boundaries and l ines  of equal per iod  
f o r  15-percent-chord a i l e rons .  5 = 0; Ia = 0.0125. 
Per iod P i s  i n  wing semispans. 



NACA Fig. 7 

Figure 7.- S t a b i l i t y  boundaries and l i n e s  of equal period 
f o r  15-percent-chord ailerons. 5 = 0 ;  I, = 0.025, 
Period P is i n  wing semispans. 



I 
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Figure 8.- S t a b i l i t y  boundaries, lines of  equal period, and 
l i n e s  of  equal s t i c k  force f o r  %percent-chord ai lerons.  
5 = 0; I, = 0. Period P ie In wing semispan8. 



NACA 

Figure 9.- Stability boundaries and lines of equal period 
for 30-percent-chord a i l e r o n s .  5 = 0; I, = 0,025, 
Per iod  P is in wing semispans. 
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Figure 10.- Damping of the osc i l l a t ions  measured by the 
dis tance required tG damp t o  half amplitude,, i n  wing 
semispans, for a i l e rons  w i t h  var ious values of ChD6. 
Idass-balanced a i le rons ,  Ia = 0.0125; Ctp/Ix = -0.4. 



RAGA Fig. 11 

Figure 11,- Stability boundaries for 15-percent-chord 
ailerons, showing the effect of variation in the mass- 
moment parameter 4. I, = 0,0125; ChDs = -0.011, 

L 


